Humankind to fulfill its needs has put natural resources of the earth to a severe pressure. The rate of degradation and depletion of earth resources has accelerated tremendously in view of the overincreasing demographic pressure. Therefore, mapping of landscape cover types to evaluate it has been a great concern for forest and wildlife managers. Both managers find it very important to know how much area is suitable for wildlife species and what areas are affected due to anthropogenic pressure. To address these concerns in Chandoli National Park its land-use landcover and forest crown density were mapped. The National Park is situated in Western Ghats, India lying within 17 (2005) and collateral data generated from topographic maps were processed using ERDAS IMAGINE and ArcView softwares. Land-use land-cover map of the study area was prepared from satellite data using supervised maximum likelihood classification technique, which revealed that Park supports diversified landscape of scrubland (27.37%), grassland (20.05%), rejuvenated forest (22.40%) and evergreen forest (16.01%). On the other hand Normalized Difference Vegetation Index (NDVI) was used to prepare a forest crown density map, which revealed that majority of the forest cover (126.10 km 2 ) was under the crown density of 40-100%.
' 09" E. In the present study, Remote Sensing (RS) and Geographical Information System (GIS) techniques were used. Remotely sensed data procured from satellite IRS-P6, LISS-III (2005) and collateral data generated from topographic maps were processed using ERDAS IMAGINE and ArcView softwares. Land-use land-cover map of the study area was prepared from satellite data using supervised maximum likelihood classification technique, which revealed that Park supports diversified landscape of scrubland (27.37%), grassland (20.05%), rejuvenated forest (22.40%) and evergreen forest (16.01%). On the other hand Normalized Difference Vegetation Index (NDVI) was used to prepare a forest crown density map, which revealed that majority of the forest cover (126.10 km Monitoring forests cover from the space, in contrast, can provide relevant information quickly, as well as repeatedly and at regular intervals of time. Since the early 1970s, satellite data have been commonly used for evaluating the landscapes. Many studies have demonstrated the effectiveness of using remotely sensed data as a powerful tool to study the land use patterns for critical environmental areas, vegetation dynamics and urban expansion (Howarth and Wickware, 1981; Sugumaran et.al., 2003; Podeh, et al., 2009 ). The concept of remote sensing data and its use in mapping and evaluating the forest has been taken momentum in India also. As early as 1985, Gautam and Chenniah prepared land-use and land-cover map of Tripura using Landsat imagery data. Kushwaha et al. (2000) used remote sensing data in mapping the forests of Kaziranga National Park (Assam) for evaluating the habitat changes that occurred in the park after flood, while Chauhan et al. (2003) Therefore, considering remote sensing and geographic information system (GIS) as an important and potential tool in evaluating the landscape cover, this technique was used for the present study. Fig. 1) . This National Park (NP) was primarily declared as protected area (PA) to conserve biological diversity of the region as well to protect catchments of Warna river on which a dam and reservoir is built.
STUDY AREA
Chandoli NP is mainly stretched along the crest of the north sahyadri range of bio-geographic province of Western Ghats mountains, India. This bio-geographic zone supports 27% (4000-endemic to this region (Imam and Yahya, 2009 ). The topography is undulating, with steep escarpments. The elevation ranges from 589 msl to 1044 msl. A distinct feature of the park is the presence of numerous barren rocky lateritic plateaus, locally called the sadda. Geological foundation of the area is Deccan trap, the soils are mostly lateritic on the plateau and reddish brown with mixed origin on the hill slopes. Before the declaration of this forest area as NP, some of the forestlands were owned by the villagers as their private property and locally known as 
METHODOLOGY
The study was carried out during April 2005 to December 2005 and completed in three phases.
In the first phase satellite and collateral data were collected and processed, while during the second phase, field survey was conducted for ground truthing. The third phase included database creation and geospatial evaluation of landscape. ERDAS IMAGINE 8.7 (2004) and ArcView 3.2 (1999) computer softwares were used for data processing and GIS analysis.
Data collection and data processing
The primary data was obtained by field surveys and actual measurements using global positioning system (GPS) and camera. Secondary data was obtained from various sources like National Park maps, topographic maps, and satellite imageries.
Satellite data
Satellite data of Indian remote-sensing satellite-P6, linear imaging self-scanning satellite-III The study area lies in two scenes of 095-60 and 095-61 (L1SS III). The satellite data was imported into ERDAS IMAGINE 8.7 software in an image format for geometric correction. In order to use these data in conjunction with other spatial data, it is needed to georeference the distorted data (raw data) to a coordinate system. The LISS data was co-registered with already rectified enhanced thematic mapper (ETM) satellite data of November 1999 considering it as a reference coordinate system. This method is known as image to image correction, which involves matching of the coordinate systems or column and row of two digital images with one image acting as a reference image and the other as the image to be rectified. Distortions were corrected using ground control points (GCP) and appropriate mathematical models.
In the present study about 20 well distributed prominent features like river, road junctions, drainage bends, drainage junctions, sharp ridge curves, isolated features and some big permanent structures available and identifiable on both the images (LISS and ETM) were considered as GCPs. During the process, GCPs were located on both images (distorted and already rectified) in terms of their coordinates; as column and rows on distorted image (LISS image) and as ground coordinates on already rectified ETM image in terms of universe transeverse mercator world geodetic system -84 (UTM WGS-84). These values were submitted to a least square regression analysis to determine coefficient for two coordinate transformation equations that is used to interrelate the geometrically correct image coordinates (here ETM image) and distorted image coordinates (here LISS image). All these mathematical notations were processed in ERDAS IMAGINE 8.7. The precision was measured through root mean square error (RMSE). The well distributed 20 GCPs improved the image rectification accuracy and brought the RMSE value as low as 0.2, which is below 1 pixel and can be considered sufficiently accurate (Thakur et al., 2008) . Then the two rectified scenes of 095-60 and 095-61 (L1SS III) were mosaiced using a model present in ERDAS IMAGINE 8.7 software. Image mosaicking is a process in which two or more than two images (already rectified to a standard map projection and datum) are combined into a single seamless composite image. From the mosaiced data, a subset of area of interest (AOI) was made for further analysis. Image was displayed as a False Color Composite (FCC) using three bands (3, 2, 1) and colour prints were taken to the field for ground truthing.
Collateral data
The study area is covered by four different topographic sheets (47G/6, 47G/10, 47G/11 and 47G/14; at 1:50,000 scale), therefore, all these maps were scanned and exported to ERDAS IMAGINE 8.7 in image format (.img) for geo-referencing to be used in conjunction with other spatial data. The values of latitudes/longitudes of quadrangle (grid intersections) was calculated manually and used as GCPs. For each topographic map, sixteen GCPs (12 from margins/corners and 04 from grid intersections) were picked up by placing "crosshair" over corners and quadrangle grid crossing of topographic map. These known coordinate data were entered into the model as; longitude of topographic map in X field and latitude of topographic map in the Y field in degree minutes seconds (DD MM SS) format, which is automatically converted to decimal form. Similarly, the other three topographic maps were georeferenced. The RMS error was maintained up to one-third of a pixel by placing the crosshair over accurate position of known coordinates (on topographic maps). The map was re-sampled using the nearest neighbourhood method and re-projected into universe transverse mercator world geodetic system-84 (UTM-WGS 84) projection for further analysis (Lillesand and Kiefer, 1994) .
Then the four rectified topographic maps were mosaiced. This mosaiced map was overlayed/ swapped on rectified LISS image and its accuracy was checked by seeing overlapping of the features like roads, railway lines, crossing of canal etc. on each other. From the mosaiced data a study area of interest (AOI) was built around the park boundary to produce a rectilinear map for extracting information on various aspects of landscape cover, park boundary etc.
Field survey
Field surveys were carried out during 18 th to the 30th October 2005. Ground truthing was done by matching the pattern, texture association, shape and size of the features from the FCC for a particular topographic feature using GPS locations. Initially it was decided to use "line transects method" for collecting data for ground truthing. But later changed for an "opportunistic transect method" as forest areas were not always accessible due to high density of under growth and absence of accessible tracks and roads. The forest area on both sides of the reservoir was traversed on foot and GPS locations were noted.
Post field work

Preparation of land-use land-cover map
The land-use land-cover map of an area can give pattern of land utilization and also helps in evaluating the earth surface. Therefore, it is important to prepare land-use land-cover map.
Satellite data (imageries) was used for creating False Colour Composite (FCC) that served as the basis to develop the land-use land-cover and forest density maps. The land-use land-cover map was prepared through digital analysis of satellite data using supervised maximum likelihood classification technique. Supervised classification is a procedure for identifying spectrally similar areas on an image by identifying 'training' sites of known targets and then extrapolating those spectral signatures to other areas of unknown targets. Supervised classification relies on the previous knowledge of the location and identity of land cover types that are in the image. This MLC provides the highest classification accuracies (Lellesand and Kiefer, 1994) , so that it was used in present case (Fig 1; Table 1 ). 
Preparation of forest density map
Forest density map provides information on the crown cover of the forest, which is an indicator of forest status. Normalized difference vegetation index NDVI was used to prepare a forest density map that was categorized into four canopy density classes: <10% (non forest), 10-40% (open), 40-70% (medium) and >70% (dense). Image elements like tone, texture, shape, size, shadow, location and association were also evaluated to aid in the class delineations. NDVI is a method of measuring and mapping the density of green vegetation. For its measurement scientists use satellite sensors that observe the distinct wavelengths of visible and near-infrared sunlight which is absorbed and reflected by the plants, then the ratio of visible and near-infrared light reflected back up to the sensor is calculated. The ratio gives a number from minus one (−1) to plus one (+1). An NDVI value of zero means no green vegetation and close to +1 (0.8-0.9) indicates the highest possible density of green leaves.
The 'normalized difference vegetation index' is calculated by the formula: NDVI = (IR−R)/(IR + R), where IR = infrared light and R = red light (Lellesand and Kiefer, 1994) . The group of pixels having NDVI values from 0 to 0.3 were categories under canopy density class of <10%, 0.3-0.5 as canopy density class of 10-40%, and 0.5-0.7 were categorised as 40-70%, whereas, the group of pixels having NDVI value 0.7-0.9 were kept under the canopy density class of >70% (Fig 3; Table 2).
RESULTS AND DISCUSSION
The land-use land-cover map of Chandoli National Park depicts that out of 319.97 km 2 only 51.24 km 2 areas are left as dense evergreen forest (Fig 2 & Table 1 ). This chunk of forest is confined to the northern part of the NP, where access is difficult and probably this may be the reason that the forest is not over-exploited. The possible reasons for depletion in dense forest are anthropogenic pressures faced by the park continuously for several decades. A detailed analysis of topographic maps (SOI, 1977) of the study area and other secondary information shows that Chandoli National Park was initially covered with about 172.14 km 2 of evergreen dense forest.
Originally, 32 villages with several hamlets were present inside the protected area and contained a human population of 7,900. Whereas, within 10 km radius of National Park, about 78 villages with a human population of 10,150 (1981 Census) were also present. It is reported that most of the villagers were either laborer or marginal farmers depending partially or fully on the forest resources to meet their requirements of fuel, timber, habitation and fodder for their livestock.
The total number of livestock present in the protected area accounted for 2800 with another 75,000 found within a 10 km radius of the National Park (Anonymous, 2005) . The dependency of such a large number of human population and livestock on the protected area has led to the depletion of forest resources.
The impact of anthropogenic pressures was also analyzed by evaluating the status of scrub land.
The land-use land-cover map (2005) , illustrate that 87.60 km 2 of NP is covered with scrub land.
The secondary data collected from topographic maps (SOI, 1977) suggests that area of scrubland has increased in due course of time. This increase might be in part attributed to the conversion of lost forest into scrubland caused by either the indiscriminate cutting of the trees that reduced the open forest into an early stage i.e. scrubland or by the development of evacuated area into scrubland due to protection from overgrazing.
The land-use land-cover map also depicts that an area of 64.19 km 2 of grass lands are present in the south-east, south-west and extreme northern part of the National Park. However, the 1977 topographic map (SOI, 1977) shows no such areas as grassland. It is reported that development of grasslands occurred due to the planting of grasses over 6.9 km 2 and because of natural growth in agricultural lands that were evacuated by villagers. During the field visit, it was observed that 28 villages (out of 32) that were evacuated had played a major role in the recovery of this cover type.
The Malkiland covers an area of 71.7 km 2 and spread throughout the park, mostly along the river. However, on comparing with the topographic map of 1977 (SOI, 1977) , it is identified that previously Malkiland encompassed an area of 97.66 km 2 . As discussed previously this forestlands were owned by the villagers in earlier times as their private property, therefore it was over-exploited. After declaration of the area as National Park this land has now reclaimed and parts have rejuvenated into "secondary forest". Inspite of protection and conservation, only 71.7km 2 of Malkiland has been restored as "secondary forest" and the rest has either been converted into scrublands or grasslands. In my opinion, this is probably due to loss of fertile top soil making it unsuitable for supporting large size trees, and because a portion of the Malkiland was also submerged by the reservoir after dam construction.
A distinct feature of the park is the presence of numerous barren rocky lateritic plateaus, locally known as sada. These are spread throughout the park and cover an area of 9.75 km 2 . Sadas are usually flat to slightly inclined and have a tremendous amount of loose scattered laterite. The encountered with various indirect evidences (like scats, pug marks, kill, hoof mark, dropping and feeding evidences) of presence of herbivores and carnivores.
The land-use land-cover map (Fig. 3, Table 2 ) revealed that an area of 35.52km 2 is covered by
water. An analysis of topographic map (1977) indicates that before the construction of the dam on Warna river, the area covered by water within the park was only 4 km 2 . After construction of a dam in 1985 on the river, a reservoir emerged, which submerged fairly large patches of good forests of the park and this may be another reason of losing of some of the dense forest. Not only this, reservoir has separated the National Park almost into two halves, creating barrier for wild animals movement from one parts to another. The evaluation of crown density of Chandoli National Park revealed that 16.61% of forested areas are covered by crown density of more than 70%, which are spread in northern part of the park. This part of the park is possessing intricate terrain and due to the restricted access to the area, forest is not over exploited by the villagers, so that crown density is maintained (more than 70%). The forest areas with crown density class of 40-70% are mainly distributed along the dense forests covering 22.97% of the Park. These forests are rejuvenating (secondary growth) and taking the shape after protection and conservation of the park. Contrary to this, a large chunk of forests (34.31%) are covered by crown density of 10-40% and most of them are confined to southern part of the park. These areas were easily accessed by the villagers, so faced severe anthropogenic pressure in the past and probably due to this its crown density is poor. The rest of the National Park (26.08%) is covered by crown density of 0-10%, which is restricted to the extreme south of the park. The field visits revealed that areas covered with crown density of 0-10% is mostly grass lands and barren scattered stones or sada. Although these types of area is having very low crown density but they are important from wildlife point of view as various direct and indirect evidences of animals' presence were recorded in these habitat during the survey.
CONCLUSION AND RECOMMENDATION
The present study revealed that Remote Sensing and GIS are becoming important tools for ecological studies. Satellite imageries are potential of providing land-use land-cover and forest crown density maps, and these maps can be used for evaluating the forest status. The evaluation of forest revealed that Chandoli National Park has diversified habitats. The comparative analysis suggests that there is an improvement in forest status and Park is becoming more suitable for
